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The body fatness of a subject is a long-term reflection of the energy balance, the more intake exceeds expenditure the more energy is stored as
fat. There is not yet a clear answer on the question whether the current obesity epidemic is a consequence of gluttony or sloth. Review studies do
not show a reduction of physical activity over the years, and food intake is difficult to measure in daily life conditions. Food intake can only be
derived from self-report, where under-reporting of food intake and selective underreporting of fat intake are major issues. Fat intake might be an
important factor in the increase of body weight. Many studies suggest the capacity of the body to oxidize dietary fat is a major risk factor for a
positive energy balance. Additionally, there is evidence that most of the fat consumed is stored before oxidation. Obesity prone subjects might be
characterized by a higher storage of dietary fat. The only way to increase the oxidation of dietary fat, other than consuming more dietary fat, is to
increase energy expenditure by an increase of physical activity. Indeed, there are indications that physical activity is an important determinant of
fat oxidation. Based on the evidence presented, it is concluded that the obesity epidemic is mainly due to a high dietary intake, especially as fat,
and that physical activity can be a tool to modulate the effect of fat intake on body fat.
© 2007 Elsevier Inc. All rights reserved.Keywords: Physical activity level; doubly labeled water; underreporting; adaptive thermogenesis; overweight1. Introduction
The prevalence of obesity increases rapidly worldwide, with
Middle East, Central and Eastern Europe and North America
having the highest prevalence rates [1]. Wang et al. calculated
an annual increase in prevalence ranging from 0.3 to 0.9%
points across the different populations within the USA. By 2015
this will mean that 75% of adults will be overweight or obese
[2]. Increasing body mass has several health related side effects.
Willet et al found a linear relation between body mass index and
diabetes, hypertension, gallstones, and coronary heart disease
with a BMI nadir of about 19 or 20 kg/m2 [3]. Worldwide a high
BMI puts a 2.3% on total burden of global disease [4].
The obesity epidemic could be due to increased food intake,
reduced activity or a combination of both. Is the obesity epide-⁎ Corresponding author. Department of Human Biology, Maastricht Uni-
versity, PO Box 616, 6200 MD Maastricht, The Netherlands. Tel.: +31 43
3881628; fax: +31 43 3670976.
E-mail address: K.Westerterp@HB.Unimaas.NL (K.R. Westerterp).
0031-9384/$ - see front matter © 2007 Elsevier Inc. All rights reserved.
doi:10.1016/j.physbeh.2007.11.009mic a consequence of gluttony or sloth? Besides total food intake
dietary fat intakemight have an additional effect on bodyweight.
This review summarizes findings of laboratory studies and field
trials including measurement of physical activity, dietary energy
and fat intake and the effect on body fat. Once the relations
between dietary energy, fat intake and physical activity are clear
intervention strategies for successful prevention of weight gain,
weight loss or weight loss maintenance can be formulated.
1.1. Physical activity
Physical activity can be defined by several terms, including
activity energy expenditure (AEE) per kg body mass, physical
activity level (PAL, daily energy expenditure as a multiple of
resting energy expenditure), time spent in activities etc. The
validity of all these physical activity measures depends on the
method used to assess physical activity and on the targeted
population. For instance, PAL can be used for adults to describe
physical activity, but is less suitable to describe physical activity
in children. For this group AEE/kg body mass is a better choice
Table 1
Mean physical activity level, doubly labeled water assessed total daily energy
expenditure as a multiple of resting energy expenditure, by gender and age
group [7]






Mean physical activity level, doubly labeled water assessed total daily energy
expenditure as a multiple of resting energy expenditure, by gender, age, and
body weight group [9]
men women
normal overweight normal overweight
Age (y) weight or obese weight or obese
19­30 1.74 1.85 1.80 1.77
31­50 1.81 1.85 1.83 1.79
51­70 1.63 1.72 1.70 1.59
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studies are reviewed which measured physical activity, using
different terms and methods, in healthy adult populations.
The golden standard for the measurement of total daily
energy expenditure under free-living conditions is the doubly
labeled water method. This is a rather expensive method and
therefore not suitable to get information on PAL and AEE for
large epidemiological studies. Combination of doubly labeled
water studies gives, however, an overview of physical activity
in healthy adult populations. Brooks et al reviewed 407 doubly
labeled water measurements in healthy, normal weight adults
within the age category 19-50 years of age and found that the
mean PAL was above 1.7 (Table 1) [7]. Data from studies
involving very active people (like military people, elite athletes)
were excluded. A PAL of 1.7 is in agreement with international
recommendations [8]. Blair et al. [9] analyzed the same data-
base of doubly labeled water measurements as Brooks et al. and
did find no differences in PAL between normal weight and
overweight or obese people, except for women between 51-
70 years of age (Table 2). Comparable results were found by
Butte et al who measured energy expenditure also with the
doubly labeled water method in 116 women between 18-
40 years with low body mass index (BMI,b18.5 kg/m2), normal
BMI (18.5-25 kg/m2) and a high BMI (N25 kg/m2). The ave-
rage PAL was, respectively, 1.84±0.27, 1.87±0.26 and 1.86±
0.26, which was not significantly different between the groups
[10].
Physical activity questionnaires and physical activity diaries
are a more subjective method than the doubly labeled water
method and people have often a tendency to overestimate their
physical activity. Conway et al compared energy expenditure
estimates from doubly labeled water, a physical activity ques-
tionnaire and physical activity records. The physical activity
level measured with the questionnaire and with the activity
record was, respectively, 30.6±9.9% and 7.9±3.2% higher than
the doubly labeled water assessed physical activity [11]. How-
ever, activity questionnaires can reach large populations and
therefore we considered them as well in this paragraph on
physical activity.
Schaller et al used in their study, performed in 2004, three
computer-based 24-hour telephone recalls. They assessed type
and duration of physical activity in the domains occupation,
sports, other strenuous leisure time activities of mostly mode-
rate intensity, as well as television and computer use in leisure
time and duration of sleeping, in 893 participants living in
Bavaria, Germany. Only 26.8% of women and 36.4% of men
had a calculated PAL of 1.75 or higher, as recommended by theWHO. These numbers were lower with increasing age and BMI
[12]. A large study on physical inactivity, sedentary lifestyle and
obesity in the European Union measured in 15,239 men and
women (older than 15 years) physical activity using standar-
dized in-home questionnaires administered by professional in-
terviewers. The weekly hours of sitting down were positively
related to the prevalence for obesity (BMIN30 kg/m2) and the
leisure time physical activity was negatively related to the
prevalence for obesity. Whether this was a cause or a con-
sequence is not known as this was a cross-sectional study [13].
The Minnesota Heart Survey showed trends in cardiovas-
cular risk factors in 4000-6000 adults (25-74 y) living in
Minnesota from 1980-82 to 1985-87 and to 1995-97, including
physical activity [14]. Physical activity was assessed with
questionnaires. Leisure time physical activity remained rather
stable over the years for both men and women. The proportion
of the population who didn't regularly engage in physical
activity increased with about 5% over these 15 years. Steffen et
al analyzed the same data and concluded that daily energy
expenditure from lifestyle physical activity and leisure time
physical activity both increased between 1980 and 2000 while
workplace activity was decreased [15].
Large studies using objective physical activity assessment
methods are necessary to get a clear picture of the physical
activity in different countries and populations. Accelerometers
are physical activity assessment methods, which could be used
in such large trials to get an objective picture of the PAL, the
AEE/kg body mass and/or the time engaged in low, moderate
and high intensity activities. Knowledge on the intensity of the
physical activity, in addition to measured energy expenditure
with the doubly labeled water method, can provide information
on the post exercise energy expenditure. Vigorous physical
activity increases post-exercise energy expenditure and attenu-
ates even post-exercise energy intake compensation [16].
Westerterp reviewed three field methods for the assessment
of physical activity and concluded that an accelerometer is a
more objective tool than activity questionnaires or than heart
rate monitoring [17]. These accelerometers should preferably
been validated against doubly labeled water method to get
reliable figures on energy expenditure and physical activity
levels. Furthermore, accelerometers can also be used to measure
activity patterns and activity intensity [18].
In conclusion, doubly labeled water measurements showed
that roughly half of the measured population had a physical
Fig. 1. A: Reported energy intakes (symbols, right axis, kJ/day) and dietary fat
(bars, left axis, % energy) for the USA [21,26]. B: Reported energy intakes
(symbols, right axis, kJ/day) and dietary fat (bars, left axis, % energy) for the
Netherlands [22].
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Furthermore no difference was found between normal or
overweight people. A large trial in the European Union showed
a negative relation of body mass index with leisure time activity
and a positive relation with hours per week spent sitting. The
Minnesota Heart Survey showed an increase in the number of
inactive people over time. Thus, we conclude that physical
inactivity cannot be the major or only cause for the increasing
prevalence of obesity.
1.2. Energy intake
Energy intake measurements in man are generally based on
self-reported food intake. Thus, reliable population levels of
energy intakes are very hard to get. People might forget to report
the foods they have consumed, change their diet while re-
cording their food or they might report to expected rather than
their real food intake. All current available dietary assessment
methods suffer from one or more of the problems mentioned
above [19]. Despite these problems large national food con-
sumption studies have been carried out to get information on
national food consumption trends.
National food consumption studieswithin theUSA (NHANES
studies) showed a reported energy intake at the population
level of 8.3 MJ/day in 1972, 8.3 MJ/day in 1978, 9.2 MJ/day
in 1990, and 9.0 MJ/day in 2000. Briefel et al. [20] calculated
for the data of NHANES III (1990) that an intake of 9.2 MJ/day
means on average a ratio of reported energy intake (EI) to
estimated basal metabolic rate (BMR) of 1.36. For a sedentary
population one would expect a ratio between 1.50 and 1.55
as the ratio EI/BMR should equal energy expenditure (EE)/
BMR on population level. This indicates an underreporting
of energy intake, which considering the lower reported en-
ergy intakes, was even a larger problem for NHANES I and II
[20,21].
National food consumption studies performed in the Nether-
lands showed somewhat higher reported energy intake as re-
ported within the NHANES food consumption studies [22].
However also in these studies one cannot exclude dietary
underreporting.
Food intake data derived from food balance sheets as used as
an indication on national food consumption trends. Balanza et
al. [23] performed an ecological study on the basis of Food and
Agriculture Organization food balance sheets for three areas in
Europe, namely Mediterranean, North and East Europe. The
food availability data showed a considerably increase in total
energy availability and energy from lipids over the last 40 years.
On the other hand a fall of 20.5% from carbohydrate con-
sumption was found. Within the WHO Monica project from the
early 1980s to the mid-1990s annually reported country food
data were related to body mass index in 34 adult populations in
21 countries. The differences in trends of total energy supply per
capita between countries explained 41% of the variation of
trends in mean BMI [24].
In conclusion, while national food consumption studies
cannot give us the answer whether we eat now more than years
ago, food balance sheet data do suggest so.1.3. Dietary fat intake
Underreporting of food intake might implicate selectively
underreporting of fat intake. In a study of Goris et al. in 30 obese
men, energy expenditure was measured with the doubly labeled
water method and food intake was measured with a 7 day food
record. Total food intake was underreported with 37±16% and
the reported percentage of energy from fat was a function of the
level of underreporting (R2=0.28, Pb0.01). Mean reported
energy percentage from fat was 39±6%, and, in the case of no
underreporting, the percentage of energy from fat would be 46±
5% [25]. This study was done using a 7 day dietary record, but
also in studies using food frequency questionnaires selective
underreporting of fat intake has been found. Fig. 1 shows re-
ported dietary fat intake for the USA (NHANES studies) and the
Netherlands from, respectively, 1972 and 1987 until 2003. For
both populations, a clear negative trend is visible. However,
the question is whether this is a real trend or is a reflection of
167A.H.C. Goris, K.R. Westerterp / Physiology & Behavior 94 (2008) 164–168reporting according to health campaigns aimed at lowering fat
intake while the real dietary fat intake remained unchanged.
Ernst et al compared reported (saturated) fat intakes of the
NHANES studies with measured serum cholesterol levels [26].
They compared the observed changes in serum cholesterol
levels with the classic Keys and Hegsted formulas and found
that the reduced serum cholesterol level could be predicted by
the changes in dietary (saturated) fat intake. However there are
still many other factors that affect the serum cholesterol levels
of individuals and only at population level reported fat intakes
were compared to changes in serum cholesterol levels. Food
supply data of the US population showed that the major change
is in type of fat intake rather than total fat intake over the years.
Food supply data reviewed by Balanza et al within Europe
showed an increase in dietary fat intake over the past 40 years
[23]. Thus, a clear reduction of dietary fat intake is not proven
yet and there are indications for the opposite, giving a potential
explanation for the current obesity epidemic.
1.4. Dietary fat and body fat
A shift in the diet to a higher contribution of fat leads to an
increase in body weight [27]. Due to a high palatability, a re-
latively high energy density, and a weak effect on satiation, the
consumption of high-fat foods induces passive overfeeding
[28]. Thus, dietary fat is amongst the most important factors for
the development of obesity [29]. An intervention study, where
subjects were randomly assigned to either a group consuming
reduced-fat products or a group consuming full-fat products for
six months, showed that the fat content has an effect on body fat
as a function of the effect of dietary fat on energy intake [30].
Fat, as a substrate for energy metabolism, is at the bottom of
the oxidative hierarchy that determines fuel selection [31]. We
recently showed that dietary fat oxidation, as measured over
12 hours after a breakfast containing deuterated palmitic acid,
was negatively related to body fatness, where lean subjects
showed the highest and obese subjects the lowest values [32].
All subjects were observed under similar sedentary conditions
in a respiration chamber, without activity equipment or an im-
posed activity protocol.
Physical activity increases fat oxidation [33]. Moderate-
intensity exercise yields the most grams of fat used for oxidation
in the average individual [34], inactivity reduces the oxidation of
saturated but not monounsaturated dietary fat [35], and exercise
increases monounsaturated fat oxidation more than saturated fat
oxidation regardless of exercise intensity [36]. A combination of
a high-fat intake and physical inactivity has a higher risk for
obesity than a combination of a high-carbohydrate diet and
physical inactivity [37]. Thus, regular physical activity is pro-
tective and helps to maintain a healthy body composition [38]. It
reduces the time to match fat intake to a change in the percentage
fat in the diet.
Under particular circumstances as in the case of post-obese
individuals having been subjected to a surgery exercise may
exceptionally attenuate fat loss. A study of Westerterp and Trem-
blay showed a strong relationship between mean daily RQ and
PAL (RQ=0.549 PAL+0.051, r=0.96) in these post-obeseindividuals, indicating that an increase in activity participation
was associated with an increase in the relative carbohydrate
content of the daily substrate mix and a decrease in the percentage
of lipid oxidized. It was suggested that exercise attenuated the
reducing effect of surgery on body fat stores because RQ, which
was already at its minimal level (0.70) 6 weeks after surgery, was
increased rather than decreased by physical activity participation
[39,40].
2. Summary
Contrary to the suggestion of Prentice and Jebb [41], that
modern inactive lifestyles are at least as important as diet in the
etiology of obesity and possibly represent the dominant factor,
excessive energy intake is a more plausible explanation. Man is
a discontinuous eater and a continuous metaboliser. A typical
human eats three to four times a day to cover total daily energy
expenditure. Thus, daily energy intake takes 30 to 60 min for
24-hour energy expenditure, a behavior selected for during
evolution in an environment with a high predation pressure.
Nowadays, food is often readily available and can be consumed
in a safe environment. Then, the normal eating rate at four to
five times the expenditure rate during high intensity exercise
results in a high risk for overeating.
Dietary trends in the ‘battle’ against obesity were, respec-
tively, low fat, low carbohydrate and high protein. Whatever
diet is consumed, it is not the diet composition but total energy
intake that counts. Every ‘diet rule’ restricts the diet choice with
a potential limitating effect on energy intake. Additional effects
are, amongst others, through energy density and diet-induced
thermogenesis [42].
A reduction in dietary fat without intentional restriction of
energy intake causes weight loss, especially in heavier subjects,
as shown in a meta-analysis of ad libitum dietary intervention
studies [43]. Here, the fat content has an effect on body fat as a
function of the effect of dietary fat on energy intake [30]. The
apparent success of low carbohydrate foods in the prevention of
overweight can be linked to a reduction of food intake by the
deliberate limitation of food choice and by a higher thermo-
genesis-induced satiety when the reduction of carbohydrate
intake results in an increase in protein intake [42].
In conclusion, there is no convincing evidence for a change
of physical activity over the last decades while food intake,
especially dietary fat intake, remained high. Short-term ex-
posures to an increased dietary fat intake should be accom-
panied by physical activity to prevent body fat accumulation in
time.
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